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ABSTRACT
All modem cities-characterized by paved roads, rooftops, parking lots, and impacted
soils-have serious problems with stormwater, and those problems are only growing as
urbanization proceeds and climate change causes more severe weather events. Historically,
cities have used gray infrastructure to manage stormwater; this is not only costly but causes an
array of environmental problems. Proponents have long advocated using a green
infrastructure approach, which has numerous advantages over traditional gray infrastructure
systems. Nevertheless, very few U.S. cities have invested in green infrastructure on a
significant scale. The question, then, is why have cities resisted adopting green infrastructure,
and what would it take for them to choose a landscape-based approach to stormwater
management over a conventional engineering solution? To answer this question, I studied a
city that recently decided to embrace green infrastructure in a big way: Philadelphia. I argue
that (i) new stormwater regulations and the 1990 withdrawal of federal funding changed the
constraints and incentives for the city to make green infrastructure viable, particularly for a
cash-strapped city; (2) a policy entrepreneur in the Philadelphia Water Department did two key
things in preparation for a future policy window: he created an office organized around
watersheds, and began redefining the problem; and (3) the policy entrepreneur capitalized on a
regulatory policy window, the Combined Sewer Overflow Long Term Control Plan Update,
that garnered momentum from the city's decision to "re-brand" itself as a green city and
galvanized support for the $1.6 billion plan for green infrastructure across the city. These
conclusions are supported by evidence from Philadelphia's decision to adopt a green
infrastructure approach to manage runoff. Finally, I discuss the implications of these findings
and make recommendations for the implementation of the plan.
Thesis supervisor: Judith Layzer, Associate Professor of Environmental Policy
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CHOOSING GREEN OVER GRAY:
PHILADELPHIA'S INNOVATIVE STORMWATER INFRASTRUCTURE PLAN
INTRODUCTION
On Monday, March 22, 2010, the Walnut Street Bridge offered an unappetizing view of
the muddy waters of the Schuylkill River. After a series of warm, spring-like days, during
which many Philadelphians achieved the first sunburn of the season, it had rained on and off
all morning. Now the sun illuminated a film of oil coating the surface of the river, gently
drifting downstream in swirling patterns. A few stray coffee cups, water bottles, and plastic
bags joined the general debris to bob along the filmy surface. The scene was not unusual:
Philadelphia's aging sewer system overflows after as little as one-tenth of an inch of rain,
washing raw sewage, urban runoff, and detritus into the rivers (Bauers 2009). That day, the
Philadelphia RiverCast rated the Schuylkill's water quality as "Red," indicating that the river
that provides much of Philadelphia's drinking water had high levels of bacteria and was not
suitable for human contact and activities (Philly Rivercast 2010).
Philadelphia's runoff problems are not unique. All modern cities-characterized by paved
roads, rooftops, parking lots, and impacted soils-have serious problems with stormwater, and
those problems are only growing as urbanization proceeds and climate change causes more
severe weather events. The paved, impervious surfaces of cities lead to high volumes and rates
of runoff, concentrations of pollutants and sediments, flood risks, damaged aquatic habitat,
and eroded stream channels with chronically damaged banks. Furthermore, impervious
surfaces in the city increase the risk of flooding for downstream regions. Overall, cities' hard
materiality and the subsequent alteration of urban hydrology can seriously impede drainage,
exacerbate flooding and water pollution, and contaminate the water supply (Spirn 1984).
Historically, cities have managed stormwater using gray infrastructure-that is, networks
of underground pipes, channels, and basins that move and hold water-which is not only
costly but causes an array of environmental problems. In conventional gray infrastructure
systems, stormwater is collected and carried to treatment facilities by underground sewers. In
U.S. cities and towns with combined sewers, which were mostly built prior to the 20 century
are are found in 32 states, when a storm overwhelms the system, untreated runoff, sewage,
and debris overflow into receiving water bodies. The CSO problem remains stubbornly
widespread: "more than a third of all sewer systems-including those in San Diego, Houston,
Phoenix, San Antonio, Philadelphia, San Jose and San Francisco-have violated
environmental laws since 2006" (Duhigg 2009). Some of the approximately 9,400 combined
sewer overflow (CSO) outfalls are located upstream of drinking-water intakes (USEPA 2004).
Sewage overflows present a serious public health risk; they also damage aquatic habitats to
such an extent that ecologists describe the distinctive pattern of degradation as "the urban
stream syndrome" (Spirn 1984; Booth et al. 2004; Walsh et al. 2005). According to the U.S.
Environmental Protection Agency (EPA), urban runoff is the most important contributor of
contamination to the nation's waters, with CSOs releasing an estimated 850 billion gallons
each year (USEPA 2004).
We have known for decades how to manage stormwater differently; in particular, some
landscape architects have long recommended a green-infrastructure approach, which has
numerous advantages over the traditional gray infrastructure systems. Forty years have passed
since the publication of Design with Nature (1969), in which Ian McHarg first proposed
incorporating environmental data into planning for the built environment.' The notion of
designing a city in ways that preserve and work with natural systems is especially apt for urban
water management. Since the mid-twentieth century, engineers, designers, and planners have
experimented with natural drainage systems and strategic land preservation to protect water
resources and prevent flooding. In undeveloped landscapes, less than io percent of the rainfall
volume converts to runoff because rainfall and snowmelt filter slowly into the ground (USEPA
2003). By contrast, in urban landscapes, roads, parking lots, and rooftops seal 45 percent to 90
percent of the land cover, and the resulting spikes of runoff require engineered systems to
channel the water away (Kloss et al. 2006). Green infrastructure seeks to restore permeability
to the urban landscape, using landscape design interventions-such as trees, swales, and
permeable pavement-to capture stormwater at the source.
Despite its obvious benefits, very few U.S. cities have invested in green infrastructure on a
significant scale. As a result, managing stormwater runoff in the impervious city, long
recognized as a troublesome side effect of urbanization, remains costly in terms of
engineering, energy, and ecological consequences. The question, then, is why have U.S. cities
resisted adopting green infrastructure, and what would it take for them to choose a landscape-
based approach to stormwater management over a conventional engineering solution?
To answer this question, I investigated a city that has recently decided to embrace green
infrastructure in a big way: Philadelphia. Like most large U.S. cities, Philadelphia has relied on
conventional stormwater infrastructure, with minimal investment in green approaches.
Furthermore, Philadelphia is an unusual case to be an early leader in green water
management because the city faces an array of challenges: for years Philadelphia has struggled
with disappearing manufacturing jobs, a high tax rate, old infrastructure, a surplus of vacant
housing units, the stigma of crime, and a poor urban population now overlaid with the recent
backdrop of a recession (Baseden and Duchneskie 2009; Ferrick 2009). Philadelphia is the
sixth-largest American city, with 1-5 million residents, and the greater metropolitan region is
home to more than five million (U.S. Census Bureau 2000). While the pre-World War II city
I Long before, Frederick Law Olmsted's design for the Boston Fens and Riverway blended ecological and
hydrological function with recreation. In the 196os, Ian McHarg's layered "design with nature"
approach to environmental planning analysis revitalized the green infrastructure concept. McHarg's
approach was later put into practice by his Philadelphia-based firm, Wallace McHarg Roberts and Todd,
in new development projects such as The Woodlands, Texas (McHarg 1969; Spirn 1996).
core shrinks, the metropolitan region continues to grow and expand at the edges of these
surrounding regions (MPIP 2009). Environmental problems are cast against this backdrop of
compelling-and competing-governance issues, and rarely beat out jobs, education, and
crime for a spot in the top three priorities for the mayor.
Along with other older cities, Philadelphia must upgrade its aging storm drainage and
sewer infrastructure to comply with new stormwater regulations on pollutant discharges. The
city faced a choice, outlined in the Philadelphia Water Department's (PWD) Office of
Watersheds' 2009 Long Term Control Plan Update (LTCPU) (currently under EPA review),
between a green hybrid solution of $1.6 billion of bioswales, rain gardens, rainwater
harvesting, expanded treatment capacity, and other forms of green infrastructure distributed
throughout the City, or a single, multi-billion dollar, 35-foot-diameter tunnel under the
Delaware River. Philadelphia decided to reject convention: rather than embarking on a single,
2o-year-long sewer construction project, it endorsed a watershed-oriented plan to install a
billion dollars worth of rain gardens, trees, and porous pavements throughout the city. This
case, in which a city proposes installing green infrastructure at a scale unprecedented in the
U.S., presents an opportunity to analyze how a city adopts an innovative idea.
I argue that (i) the new stormwater regulations and the 1990 withdrawal of federal money
to finance gray infrastructure changed the constraints and incentives for Philadelphia and
make green infrastructure financially viable, particularly for a cash-strapped city; (2) a policy
entrepreneur in the PWD did two key things to prepare for a future policy window: he created
an office organized around watersheds, and, with support from the staff in the new office,
began redefining the problem; and (3) the policy entrepreneur capitalized on a regulatory
policy window, the Long Term Control Plan Update, that garnered momentum from the city's
decision to "re-brand" itself as a green city and galvanized support for the green infrastructure
initiatives. This conclusion is based on interviews with administrators, agency leaders,
activists, experts, and consultants; a review of the PWD plans and documents; newspaper and
journal coverage; congressional testimony; and scholarship on gray infrastructure, green
infrastructure, environmental planning ideas and methods, history, and environmental
politics.
Understanding how and why Philadelphia chose green infrastructure over gray is of more
than academic interest. The scale of the stormwater infrastructure problem facing U.S. cities is
immense-a New York Times analysis estimates that a U.S. water line bursts every two
minutes, leaking wastewater into properties, damaging streets, and releasing pollutants into
rivers and drinking water supplies (Duhigg 2010). The EPA estimates that large community
systems to deliver drinking water will need an investment of $335 billion over the next 20
years, and wastewater infrastructure will require $388 billion over the same period (USEPA
2002; USEPA 2009). Meanwhile, the American Society of Civil Engineers awarded both the
U.S. drinking water and wastewater systems a grade of D-, observing that many U.S. systems
have reached the end of their "useful design lives," while federal funding through the Clean
Water Act State Revolving Loan Fund (SRF) program has not increased for over a decade
(American Society of Civil Engineers 2009).
In the face of gray-infrastructure failure, many cities are cautiously interested in
transitioning to the green approach. Over the past half-century, the perceived institutional,
political, and design challenges have slowed the adoption of green stormwater infrastructure
innovations. But now those barriers are eroding, as the problems get worse and sewer
overflows and gray infrastructure failure become an increasingly risky reality. The Philadelphia
plan is the first to propose using green infrastructure at the city-scale, and others are watching
to see how that city's plan plays out.
THE POLICY PROCESS AND THE ADOPTION OF NEW IDEAS
Although green infrastructure has been around for decades, and its proponents have
documented many advantages over its gray cousin, there are a host of reasons cities have been
slow to adopt it on a significant scale. The frustrating reality of public policy is that good ideas
don't necessarily catch on. In Difusion of Innovations, Everett Rogers (2003) quotes
Machiavelli's summary of the obstacles:
There is nothing more difficult to plan, more doubtful of success, nor more
dangerous to manage than the creation of a new order of things. ... Whenever
his enemies have the ability to attack the innovator, they do so with the passion
of partisans, while the others defend him sluggishly, so that the innovator and
his party alike are vulnerable.
There are a host of reasons local governments resist major changes in policy. Stabilizing
forces such as institutional norms and path dependence constrain changes in governing
principles, strategies, and tactics. Norms and organizational values influence how
administrators interpret and implement laws, reinforcing existing patterns and constraining
the range of acceptable policy ideas (Layzer 2011). In the case of municipal infrastructure,
reliability and risk aversion often trump experimentation. Furthermore, path dependence-the
idea that certain technologies constrain subsequent choices-impedes policy innovation that
affects existing physical infrastructure.
Despite all these forces favoring the status quo, occasionally policymakers do make major
changes. The likelihood that an innovative idea will gain acceptance, fade away, or be
translated into policy depends heavily on three key aspects of the policymaking process: the
extent to which the idea has been thoroughly vetted (softened up) in the expert community, the
existence of a committed policy entrepreneur who can link that policy idea to a problem that is
perceived as salient, and the opening of a policy window (Kingdon 1995). At the local level, a
fourth aspect is also critical: federal regulations and budget priorities exert a significant
influence over the context for municipal decision-making.
Although highly visible public figures make decisions, a less-visible community of
specialists develop the policy alternatives, cultivating ideas and refining those that have the
potential to catch on (Kingdon, 1995). Inside the expert community, proponents "soften up"
ideas through academic articles, books, and conferences, as well as informal presentations and
conversations. This process of vetting builds familiarity and acceptance of the new idea in the
expert community, and positions the proposal for serious consideration in the political and
public arenas.
As technically viable ideas emerge from policy communities, decision makers take them
seriously in part based on whether they address an issue that is perceived to be salient, or
important to the public. To enhance the perceived salience of an issue, advocates try to
influence how the problem is defined by distilling complex issues into compelling narratives
in hopes of capturing the public imagination (Kingdon 1995; Stone 1997). For their part,
politicians gauge an issue's salience based on feedback from constituents and other indicators
of popular support, including media coverage. Fortuitously timed focusing events-such as a
crisis or disaster-may help advocates draw attention to a problem, either confirming their
preferred problem definition or adding a sense of urgency.
Problems and solutions don't just come together organically, however; a talented policy
entrepreneur must link them. Policy entrepreneurs are individuals who are willing to invest
time, energy, reputation, and money to shepherd an idea through to the decision agenda when
a policy opportunity opens (Kingdon 1995). To be effective, policy entrepreneurs must have
several key qualities: expertise or authority, political connections and negotiating skill, and
persistence. Determination and persistence are especially important because the diffusion of
ideas is slow. Policy entrepreneurs also must be nimble enough to respond to the opening of a
policy window (Kingdon 1995). Policy windows are perceived opportunities for major policy
change; Kingdon (1995, 166) likens them to the ideal weather conditions necessary to launch a
space shuttle. Policy windows may be predictable, as in a scheduled renewal of legislation, or
unexpected, such as an opportunity created by a sudden shift in the public mood; they may
only be open for a very brief moment before excitement fades, the process stalls or fails, or
participants rotate out of the process. Recognizing the window is important: a strategic error
can kill the policy idea until the next window appears.
Local policymaking has some distinctive features that can enable or impede new ideas. In
particular, federal regulations and budgetary allocations provide constraints and opportunities
for local decision makers. National elections shape federal policy priorities and agency
budgets, which in turn influences how municipal decision makers-including an elected
mayor, a city council, a city manager, and departments of civil servants-prioritize problems
and decide how to address (and finance) them. In the realm of environmental policy, city
governments are forced to address certain issues because of federal mandates, such as the
Clean Water and Clean Air Acts. The availability of federal funds for infrastructure may favor
solutions in a certain price range, while the evaporation of those funds may force cities to find
more cost-effective solutions (or new funding sources).
WHY CHOOSE GREEN INFRASTRUCTURE?
In the modern urban water regime, a set of unrelenting problems provoked a choice
between the status quo and policy innovation. The conventional gray approach was too blunt
an instrument to fix the lingering water pollution problems without enormous expense. Some
turned, instead, to another idea: green stormwater infrastructure, a concept that had been
floating around the expert community for years.
Cities have a complex relationship with water: in most cities, the single largest public
works investment is the wastewater system, yet pollution, flooding, and drought are persistent
scourges. Traditionally, municipal water management has been motivated by three priorities:
first, to provide clean drinking water; second, to collect, treat, and dispose of (or reuse)
wastewater; and last, to manage storm flows that lead to flooding or degrade water quality. In
the developing world, cities still struggle to provide clean water, never mind to install complex
systems to manage wastewater or wet weather flows. In the U.S., clean water and wastewater
treatment are expected amenities, but vulnerability to floods, fragile infrastructure, and
degradation of waterways still devastate the built environment, communities, and ecosystems.
The extensive damage and one million homeless after Hurricane Katrina flooded New Orleans
was a sobering reminder "that nature could smite a rich country as easily as a poor one"
(Anon. 2007). More recently, when a ruptured Boston water main compromised the clean
water supply for two million residents and businesses, the emergency again reminded
Americans that the water management regime is fragile (Finucane et al. 2010).
Gray Infrastructure and Its Limitations
Over the centuries, gray infrastructure systems have gradually become more complex.
Early water systems used resources that were easily available: wells provided drinking water,
surface water bodies supplied transportation, irrigation, and washing, and streets conveyed
people, waste, and water. As populations grew, cities engineered formal systems to capture,
store, and move water. Rome built aqueducts to bring water into the city and sewers to expel
waste, pioneering the conveyance system that became the model for water systems worldwide
(Novotny and Brown 2007). American cities enthusiastically embraced technological
innovation in the early 18oos, building freshwater delivery systems, underground sewers, and
networks of roads to both enable the explosive growth of cities and minimize the risk of fire
and disease (Anderson 1988).
Epidemics were a vicious adversary, and the growing cities struggled to understand and
respond to outbreaks. Up until the mid-nineteenth century, European and American cultures
had a tenuous grasp on how disease was spread. The two prevailing notions were the miasma
theory, which held that infectious agents lingered in unwholesome atmospheres, and the
contagion theory (supported by medical journal The Lancet), which held that diseases were
passed from one person to another like the flu. In crowded nineteenth century cities, the
abundant filth, dark living conditions, and unsanitary practices made the miasma model the
more popular explanation for a superstitious population (Johnson 2006).
A legendary breakthrough came with the epidemiological work of British physician John
Snow, who analyzed the cluster of deaths surrounding London's Broad Street water pump in
1848 and made the case for cholera as a water-borne disease. Snow's crucial discovery signaled
the beginning of the end for the miasma theory, and established the importance of clean
drinking water and wastewater disposal (Johnson 2006). The insight that water can transmit
infectious agents prompted cities to consider how public-works infrastructure projects could
address the environmental and health implications of contaminated water.
American cities adopted different water management strategies to enable them to grow
safely. First and foremost, they sought to locate and safeguard a reliable water source. While
New York City and Boston secured rights to distant water supplies when local sources
dwindled or deteriorated, Philadelphia engineered an innovative treatment plant to filter
drinking water from the two adjacent rivers. Next, cities invested in collection, treatment, and
distribution systems; New York, Boston, and Philadelphia constructed networks of pipes,
pumps, and sewers to distribute clean water and remove polluted water.
But despite the public-health gains and urban growth, cities began to experience a host of
troubling environmental problems as the new gray-infrastructure paradigm took hold. The
influx of population in urban centers produced more wastewater, and new buildings and roads
generated more runoff and flood risks. In response, engineers devised channels and sewers in
place of urban rivers and streams to carry away wastewater and runoff. The only problem was
that doing so usually meant sending concentrated doses of sewage and stormwater into water
bodies that doubled as drinking water sources.
Chicago, the quintessential 19t century American city, concocted a particularly ambitious
plan to keep sewage separate from drinking water, setting the city on a path that defined future
water management choices. In 1855, Chicago built a sewer system, but the new drainage
regime expelled wastewater directly into the Chicago River, which flowed into Lake Michigan
and fouled the City's drinking water (Cronon i9i). In order to address the growing problem,
the City's engineers opted to reverse the flow of the river. The resulting scheme used a series
of canals to send Chicago's wastewater into the Des Plaines River, which flowed to the
Mississippi River, thereby sending the pollution and its effects downstream (Lanyon 2007).
This solution protected Lake Michigan at the expense of the longest river in North America,
but it didn't completely solve the pollution problem. Today Chicago uses a series of deep
tunnels to store stormwater runoff and mitigate combined sewer overflows. Constructed 200
to 300 feet underground, these 15 to 33 foot diameter tunnels cost between $3 and $4 billion
dollars over the 40-year construction process. The massive underground plumbing system
illustrates how path dependence pushed Chicago to construct ever-bigger gray infrastructure
facilities to address urban water pollution (Lanyon 2007).
Chicago's plight underscores the liabilities of relatively inflexible water and wastewater
systems: despite the investment in complex underground waterworks, it didn't solve the entire
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water pollution problem. Even after cities have established safe water sources, elaborate
conveyance structures, wastewater treatment, and flood control mechanisms, runoff and
sewage overflows still degrade water quality.
The stormwater problem exists because the built environment seals the surface of the
land, transforming soils that would have soaked up rain into waterproof planes that shed
runoff. During storms, urban runoff sweeps up pollutants-sediment, metals, bacteria,
nutrients, pesticides, animal feces, trash, debris, and polycyclic aromatic hydrocarbons-from
the surfaces of the city. These "non-point-source" pollutants can infiltrate into the groundwater
or flow into surface waters, depositing toxins and also eroding stream channels, altering
sediment loads, and affecting stream temperature (Paul and Meyer 20oi; Booth, Hartley, and
Jackson 2002; Roy et al. 2008). Furthermore, the sheer quantity and velocity of the runoff
exacerbates the damage and increases the risk of rapid downstream flood peaks (NRC 2008;
Jacob and Lopez 2009). What's more, the imperviousness of the city is a key indicator for
measuring the impacts of urbanization because of the direct relationship between land cover
and downstream water quality: studies suggest that negative effects on biological diversity in
aquatic ecosystems are apparent at and above watershed imperviousness levels of io percent
(Brabec, Schulte, and Richards 2002; Clar, Barfield, and O'Connor 2004; Jacob and Lopez
2009). Despite the pervasiveness of constructed water infrastructure, engineered dams, and
other such stream "improvements," human alteration of the landscape is clearly detrimental to
downstream waterways by nearly any measurement (NRC 2008).
By the 1970s, U.S. waterways were severely degraded from urban and industrial
discharges. The infamous 1969 Cuyahoga River fire made water pollution especially salient in
the public realm and became a symbol of the appalling degradation of urban waterways. Public
support coalesced around environmental protection and the first Earth Day, and politicians
responded with new federal environmental laws. President Nixon established the
Environmental Protection Agency in 1970, and Congress followed with the Clean Air Act
(1970), and the Clean Water Act (1972), which marks the start of the federal regulatory history
of stormwater control in the U.S. (Layzer 2006; NRC 2008; Scott 2009). The Clean Water Act
(CWA) established regulatory authority and enforcement mechanisms for the EPA, specifying
"that all discharges into the nation's waters are unlawful, unless specifically authorized by a
permit" [42 U.S.C. $1342(a)]. Here, however, the definition of "discharges" includes only point
source pollutants flowing from a specific conveyance structure, and not the more diffuse
sources of pollution. As a result, most cities turned to established end-of-pipe mechanisms to
comply with the new regulations, enlarging treatment facilities, adding wastewater storage
capacity, and upgrading older systems rather than considering how to reduce non-point-source
pollution.
Later, cities turned to stormwater best management practices (BMPs) to comply with the
Phase I Stormwater Permit Rules in 1990 and the National Pollution Discharge Elimination
System (NPDES) in 1999 (Baker 2009). The range of BMPs includes many structural and
nonstructural systems to control and treat stormwater, including detention ponds, bioswales,
and practices such as reducing the percentage of impervious surfaces on a site. Different
techniques vary widely by cost, applicability, maintenance requirements and effectiveness at
removing pollutants. The stormwater regulations also established the Total Maximum Daily
Load (TMDL) program, requiring states to list impaired water bodies and develop plans to
improve water quality based on the offending pollutants. The TMDL plans highlighted diffuse
sources of environmental impacts-including combined sewer overflows-and pointed to
stormwater as a primary culprit (NRC 2008).
Mitigating the impacts of pollution is costly: the EPA estimates that cities spent $6 billion
to mitigate CSOs through 2002. Moreover, in the next 20 years, the agency predicts future
expenditures of at least $50.6 billion for CSOs, and $88.8 billion to control sanitary sewer
overflows (SSOs) (USEPA 2004). Yet long-term monitoring studies show the continued flow
of pollutants, suggesting that the current end-of-pipe BMP strategies are not sufficient to
combat the cumulative environmental damages (Welty et al. 2007). Gray infrastructure has
provided important public health and safety benefits-cholera is no longer a significant
risk-but it has reached its limits: the gray approach promises to become more expensive
without solving the stormwater problem.
Faced with the continuing cycle of expanding system capacity and the more immediate
threat of CWA fines from the EPA, some cities reconsidered how to address the problem. Just
as the disease crisis prompted innovation and investment in the 18oos, by the 1990s, the cost
and ineffectiveness of gray infrastructure drove new design, policy ideas, and a holistic vision
for watershed management and the city. The continuing struggle to stop water pollution,
combined with a desire for ecological sustainability and resilience to extreme climate events,
prompted critics to argue to replace the piecemeal, reactive approach to water management
with a broader planning approach that integrates land and watershed processes (Novotny and
Brown 2007).
The Benefits and Challenges of Green Infrastructure
The emerging conceptual framework, dubbed green infrastructure, promotes the use of
soil or vegetation to capture runoff where the rain falls rather than at the end of the pipe
(Stoner 2009; Neukrug 2o1oa). Green infrastructure is traditionally defined as an
interconnected landscape of waterways, upland and riparian habitat, and vegetated areas that
support natural ecological processes (Kloss et al. 2006). The goal of green infrastructure for
stormwater management is to reestablish the land as a natural drainage system, and thereby
reduce the volume and toxicity of stormwater runoff, sewer overflows, and the subsequent
degradation of waterways (Spirn 1984; Hill 2007; Berghage 2009; Stoner 2009). Green
stormwater infrastructure systems use soil, vegetation, wetlands, and open space to mimic the
drainage of the natural environment, using networks of green roofs, street trees, rain gardens,
vegetated swales, pocket wetlands, infiltration planters, rain barrels, porous pavements, and
riparian buffers to reestablish ecosystem services.
Proponents praise green infrastructure's multiple environmental benefits. Green
infrastructure significantly reduces stormwater volume and toxicity, thereby addressing both
the quantity and quality problems associated with runoff. Moreover, green infrastructure offers
a distributed approach to stormwater management that can be tailored to different site
conditions, including new development and retrofit scenarios. And, because the individual
green infrastructure projects are more modest than massive underground construction
projects, they take less time to install than gray infrastructure projects (USEPA 2007).
Furthermore, green infrastructure also filters air pollution, reduces flooding and urban
temperatures, improves urban aesthetics, provides recreational space, creates wildlife habitat,
provides ancillary energy efficiency benefits, and saves capital costs from construction (Stoner
2009).2 Green infrastructure also has a high return on investment, providing more benefits
per dollar invested in infrastructure that otherwise would accomplish only one outcome.
Overall, according to the EPA, National Association of Clean Water Agencies (NACWA),
Natural Resources Defense Council (NRDC), Low Impact Development (LID) Center, and
Association of State and Interstate Water Pollution Control Administrators (ASIWPCA),
"green infrastructure [is] both a cost effective and an environmentally preferable approach to
reduce stormwater and other excess flows entering combined or separate sewer systems in
combination with, or in lieu of, centralized hard infrastructure solutions" (USEPA et al. 2007).
Green infrastructure has been implemented in cities around the world. For example, in
1966, planners in Curitiba, Brazil applied the design-with-nature strategy to address problems
with persistent flooding, where they preserved land for natural drainage (and turned
riverbanks into parks), used zoning to prevent development in risky floodplains, and enacted
legislation to preserve remaining green spaces (Rabinovitch and Leitman 1996).
2 Energy efficiency benefits are indirect, resulting mainly from improved urban temperature regulation
and decreased construction inputs.
But U.S. cities have resisted adopting the green approach to retrofit existing cities on a
significant scale. Writing in 1984 in The Granite Garden, landscape architect Anne Spirn
observed (168)
Opportunities for preventing floods, for preserving water quality, and for
conserving water exist in the design of every new building and park as well as
every metropolitan plan, at the center of downtown and at the urbanizing
metropolitan fringe. ... Eventually, every city will have to design a
comprehensive plan for water management, including the regulation of urban
form and density in headwaters and floodplains, the regulation of water use,
with attendant implications for landscape design, and the careful siting of
waste disposal sites and industrial and sewage outfalls.
In practice, planners, designers, builders, and managers in the U.S. were slow to apply the
green alternatives because of existing infrastructure and institutional constraints. Instead, they
continued to treat the problems of the urban water regime in a piecemeal way, using
conventional tools to try to achieve regulatory compliance.
In the early 199os, the green approach reemerged as low-impact development (LID), a
design strategy intended to maintain a site's natural hydrology. LID repackaged the "design
with nature" concept with smart growth strategies, and is the most immediate precursor to the
green stormwater infrastructure approach. First used in Prince George's County, Maryland,
LID aimed to control stormwater throughout the site rather than using conventional treatment
or centralized BMPs. These early experiments generated field data on the effectiveness of a
variety of site-based LID practices and built support for a landscape-based approach.
Proponents soon broadened the LID concept to include land-use planning under the term
"green infrastructure." By then, Seattle, Washington and Portland, Oregon had begun
integrating landscape-based stormwater designs into their urban fabric. Seattle Public Utilities
formally launched the Natural Drainage Systems Strategy in 1999, and completed
construction of the first Street Edge Alternatives "SEA street" in early 2001. The project was
both beautiful and highly effective, and the landscaped swales reduced the total volume of
stormwater runoff by 99 percent (City of Seattle 2010). Portland initiated the Sustainable
Stormwater Management Program in 2001, and tested a series of green street designs to
intercept and infiltrate stormwater. The American Society of Landscape Architects (ASLA)
honored two of these projects in 2006 and 2007, commenting that "[The 2006 Green Street
Project] is very relevant and will be influential in the profession;" and "[The 2007 Green Street]
gains a lot of environmental mileage for very little and sets a prototype for designers, policy
makers, and neighborhoods" (ASLA 2006, 2007). In 2000, Chicago's Department of
Environment initiated an Urban Heat Island Initiative, and installed a Green Roof Pilot Project
on City Hall, which also received a Merit Award from the ASLA (2002). These highly visible
projects highlighted the potential for land-based water infrastructure in the municipal realm.
As the green infrastructure concept gained technical credibility among the policy and
design community, the EPA took symbolic steps to recommend that cities adopt the green
approach. In March 2007, the EPA released a memorandum promoting green infrastructure
in cities as an effective tool to reduce runoff and sewer overflows (USEPA 2007), and in April
2007 the agency formalized a partnership with NACWA, ASIWPCA, the NRDC, and the Low
Impact Development Center to help cities and states adopt green infrastructure approaches
(USEPA 2007). In August 2007, the EPA released another policy memorandum to encourage
cities to use green infrastructure techniques to meet NPDES permitting and compliance
requirements (USEPA 2007). This series of memos buttressed the EPA's support for the
green-infrastructure concept, which was further strengthened when the EPA asked the
National Research Council (NRC) to review the current stormwater permitting program and
make recommendations. The NRC report, released in 2008, reviewed the current state of the
practice and recommended amending the NPDES rules to accommodate and encourage green
approaches, suggesting that green stormwater infrastructure was finally becoming
mainstream (NRC 2008).
In sum, green infrastructure is an effective and cost efficient way for cities to close the
water quality gap in the urban hydrologic cycle while also achieving additional environmental
and social benefits. Rather than trying to use engineered systems to outwit natural processes,
green infrastructure approaches the question with a broader set of principles: that land-use
and water management should be integrated, that urban water dynamics should be managed
as a complete system, and that natural landscape and drainage processes can be put to use
treating stormwater at the source. Because many of the symptoms of water pollution and
aquatic degradation are caused by the characteristics of the built environment itself, however,
re-envisioning urban water management poses many complex challenges.
Updating the water infrastructure framework clashes with many institutional barriers to
change. Water infrastructure is an invisible force that shapes the operation and physical form
of cities, and urban watersheds are long developed with extensive infrastructure systems in
place. These ages-old infrastructure investments constrain future development decisions
(Holst 2007). Furthermore, cities have decades of experience maintaining those systems, and
are reluctant to abandon that expertise, especially when the risk of infrastructure failure is
unthinkable.
Infrastructure economics present another barrier. Because gray infrastructure has high
up-front costs, it typically precludes any significant green infrastructure investment.
Conventional gray infrastructure solutions require an extremely high initial investment
followed by low marginal costs-after choosing to build an enormous underground tunnel, the
big cost hurdle is to finance the initial groundbreaking. After the project is underway, the
marginal costs to add a little bit more capacity are low. Thus, because it isn't financially
practical to finance both gray and green, gray infrastructure has historically edged out
meaningful investment in the green approach.
In the past ioo years, most cities have managed infrastructure systems with the
assumption that the city would continue to grow. But for all of the permanence of
infrastructure, cities operate in flux, and population decline changes the terms of the decision
making process. The cost and complexity of adapting aging gray infrastructure systems to
manage stormwater is already high by economic, social, and environmental measures. The
addition of population decline forces a re-conception of how infrastructure can and should be
repaired, adapted, reconfigured, and ultimately improved. Against this backdrop of incentives
and constraints, the politics surrounding how ideas are proposed and decisions made shape
whether innovative green infrastructure ideas are adopted and implemented.
ADOPTING A GREEN INFRASTRUCTURE APPROACH IN PHILADELPHIA
On September 1, 2009, the Philadelphia Water Department submitted the new Combined
Sewer Overflow Long Term Control Plan Update (LTCPU) to the EPA and the Pennsylvania
Department of Environmental Protection (PADEP). The plan detailed how the PWD proposed
to invest $1.6 billion over 20 years in developing a citywide network of green stormwater
infrastructure to reduce runoff, restore and preserve stream corridors, and upgrade wet-
weather treatment plants. The plan, dubbed Green City, Clean Waters, signaled a bold change
in direction for urban water management in Philadelphia: it not only outlined how the PWD
would mitigate CSOs, but also explicitly situated the plan as a transition from the gray to green
approach. Surprisingly, after 200 years of experience building pipes, the impetus for the new
plan came from within the department: a policy entrepreneur, Howard Neukrug, had long
championed an innovative solution in anticipation of a window of opportunity. Meanwhile,
advocates raised the salience of sustainability, creating a supportive political atmosphere set
against the broader national popularity of those issues. Philadelphia's transformation shows
how external constrains and incentives, a policy entrepreneur, and a policy regulatory policy
window aligned to position the softened-up green infrastructure concept to become policy.
Background
Water is the central feature of Philadelphia, which sits at the confluence of the Schuylkill
and Delaware rivers. The Schuylkill River watershed, an area of 2,000 square miles, is
contained entirely in southeastern Pennsylvania, and the river travels 130 miles before
merging with the Delaware at Philadelphia (National Lands Trust 2001). The Delaware is a
longer river: originating in New York, the Delaware travels 300 miles through four states, 42
counties, and 838 municipalities, and ultimately provides drinking water to 17 million people
in the mid-Atlantic region (5 percent of the U.S. population). Philadelphia draws drinking
water from both rivers, and is the most downstream community to drink from the Delaware
(PWD 2o10a). Furthermore, Philadelphia has a wet climate, and receives an average of 42
inches of rainfall per year.
Philadelphia was an early innovator of water infrastructure. When Benjamin Franklin
died in 1790, he bequeathed money to his adopted city of Philadelphia, then a city of 28,522.
With impressive foresight, Franklin warned of the effects of development and advised the city
to construct a central water supply system:
And having considered that the covering of the ground-plot of the city with
buildings and pavements, which carry off most of the rain, and prevents its
soaking into the Earth and renewing and purifying the Springs, whence the
water of wells must gradually grow worse, and in time be unfit for use, as I
find has happened in all old cities, I recommend that at the end of the first
hundred years, if not done before, the corporation of the city Employ a part of
the hundred thousand pounds in bringing by pipes, the water of the
Wissahickon Creek into the town, so as to supply the inhabitants, which I
apprehend may be done without great difficulty... (Blake 1956)
Despite Franklin's warning, it took repeated epidemics of yellow fever, typhoid, and
cholera for the city to address its water problem. Four thousand people-over io percent of the
population-died in the yellow fever epidemic of 1793, which crippled life in the city for three
months; yellow fever returned in 1797, 1798, 1799, 1802, 1803, and 1805 (Blake 1956). Fear
and mystery about the epidemics created a sense of urgency: physicians argued over whether
the cause was the putrid and unsanitary city air, best treated with bloodletting, or a pestilence
imported from tropical areas, requiring milder cures. There was suspicion that the city's wells
were not safe. Amidst the uncertainty, the state passed quarantine laws, and the city began
cleaning the streets and initiated plans to build a central water works (Blake 1956).
While New York City and Boston secured rights to distant water supplies, Philadelphia
invested in a system that drew (and still draws) ioo percent of its water from the Schuylkill
and Delaware rivers. The construction of the Philadelphia water system from 1798 to 18oi was
an engineering experiment, and established the framework of a system that would be refined
over the next 150 years to accommodate the growth of the city (Walker 1987). The city built
Fairmount Dam in 1822 to provide hydropower for new iron pumps, and replaced the original
wooden distribution pipes with 3,000 miles of iron pipes by 1949 (Blake 1956; Harris 1977).
The "Philadelphia experiment" improved sanitation, established water policy, and set a
precedent for how the modern American city manages water (Blake 1956, 41). At the same
time, it damaged the landscape in a variety of ways. What's more, Philadelphia soon faced a
series of unintended ecological consequences typical of conventional water management.
Despite the city's efforts to protect the watershed by preserving the upstream land,
Philadelphia was downstream from many sources of industrial and urban pollution (Walker
1987). This forced the City to improve drinking water treatment as the water quality declined.
By the 1940s, a drop in dissolved oxygen levels in the Delaware below Philadelphia devastated
aquatic life, including the formerly thriving populations of striped bass, sturgeon, and shad
(Walker 1987).
A Cycle of Problems with Flooding, Stream Erosion, and Subsidence
During the second half of the twentieth century, the unintended effects of urbanization
had created a suite of hydrological problems. Flooding, stream erosion, and subsidence-the
process of settling soils that results from diversion of groundwater-gradually undermined the
environmental and infrastructure systems in some Philadelphia neighborhoods. As the city
grew, development proceeded on top of buried waterways that continued to drain to the
Schuylkill and Delaware, thereby creating aboveground problems. Newspaper coverage of the
disasters publicized the recurrent cycle of damage and frustration. Residents grumbled that
the city itself was exacerbating the flooding problem, complaining that the frequent floods
were the consequence of development upstream and were rendering them "victims of a slow,
unnatural disaster" (Wood 1994).
In 1987, Anne Spirn, a landscape architect at the University of Pennsylvania, initiated a
project in West Philadelphia that explored how to manage water in urban neighborhoods. The
West Philadelphia Landscape Project considered how to use the problem of vacant land as a
resource to absorb stormwater flows, benefit the neighborhood, and ultimately use urban
design to connect the regional watershed with the local community (Spim 2005, 2010). Spirn
focused on the land adjacent to the old Mill Creek streambed-long since channeled into an
underground sewer and filled in, and one of the poorest neighborhoods in Philadelphia. As
Spirn (2005, 398) explains:
By the late 19 th century, [Mill Creek] was polluted by wastes from
slaughterhouses, tanneries and households. In the 188os, it was buried in a
sewer, its floodplain filled in and built upon, but it still drains the stormwater
and carries all the wastes from half of West Philadelphia and from suburbs far
upstream. Each new suburb built in the watershed has poured more sewage
and stormwater into the sewer. The size of the pipe-about 20 feet in
diameter-is now far too small for the huge quantity of wastewater it must
convey. So the water cracks the pipe, then undermines it, and, once or twice a
year, sometimes more often, the sewer overflows, and brown water spouts
from inlets and manhole covers.
For more than 6o years, the ground has fallen in, here and there, along the
line of the sewer. The creek has undermined buildings and streets and slashed
meandering diagonals of shifting foundations, and vacant land across the
urban landscape. Local newspapers have chronicled the long series of broken
pipes and cave-ins. In the 1940s, 47 homes were demolished because they
were "plagued with rats and filled with sewer vapor." In 1945, a neighbourhood
of small row homes built above the sewer was destroyed when the sewer
collapsed. In 1952, a 35-foot-deep cave-in on Sansom Street swallowed two cars,
and the porches of three homes crumbled into the crater. On 17 July 1961, the
sewer caved in beneath Funston Street near 5oth. Initially, four houses were
destroyed and three people killed; ultimately iii homes were condemned and
demolished, leaving hundreds homeless and many others fearful of further
collapse. "We haven't been ordered to leave. We're just too frightened to stay
here," one person told a reporter.
In addition to raising awareness of her research findings in Mill Creek in the
media-including profiles in the Philadelphia Inquirer and National Public Radio-and the
expert community, Spirn taught a series of design studios at the University of Pennsylvania to
illustrate the potential for green infrastructure (Hine 1992). In 1996, her efforts to call
attention to the subsidence issue caught the attention of the EPA Region 3 Watersheds Office,
who invited Spirn to present her work at a meeting of federal and Philadelphia officials. This
early meeting helped build connections that resulted in Spirn leading a PWD Office of
Watersheds team on a 1999 tour through the Mill Creek watershed (Spirn 2010; Neukrug
2oroa). The Office of Watersheds was studying how to design stormwater infrastructure in
difficult urban spaces, and the meeting with Spirn helped the PWD link ideas and designs
from landscape architecture with the local community context (Marengo 2010). The meeting
helped bridge the gaps between engineering practice and ideas emerging from landscape
architecture, further softening up the water policy community and the PWD to the green-
infrastructure concept.
Changes in the Federal Regulatory Context
Spirn's efforts to promote green stormwater infrastructure coincided with a decision by
the EPA to sue Philadelphia over its lack of a municipal plan for secondary treatment of its
drinking water in the 198os (Piotrowski 2010). In the early 199os, the federal government
took two more steps that shaped Philadelphia's decision-making context. The first important
change stemmed from the evaporation of federal grants for large water infrastructure projects.
During the 1970s and 8os, the federal Construction Grants program funded more than $6o
billion worth of publicly-owned wastewater treatment facilities, sewer systems, and CSO
control measures (USEPA 2010). Then, starting in 1990, Congress changed the funding
structure from grants to loans administered through the Clean Water State Revolving Fund,
and cities were forced to find more cost effective solutions (Piotrowski 2010). By eliminating
the easy source of infrastructure money, this change in federal policy removed an invisible
barrier and provided new incentives for more cost effective solutions.
Bolstered by the new NPDES regulations in the early 1990s, the EPA began to use the
threat of lawsuits to push cities to address the CSO problem. The fines were (and are) costly,
nearly $30,000 per day from the day the city started to cause the problem to the day they settle.
The PWD feared a lawsuit because the system overflowed with low volumes of rainfall, and
their concern about how to finance gray infrastructure upgrades without federal grant money
catalyzed interest in the green approach. As Joe Piotrowski, then the Mid Atlantic Region 3
Director of the EPA Office of Watersheds recalled (2010), "It was related to economics: they
looked at other cities, what they were doing about CSOs, and estimated costs. They figured that
[CSOs were] going to be the next lawsuit, and asked is there a way to do this less expensively;
maybe we can do this in a green way and take care of some other issues, too."
Recognizing the changing budgetary and regulatory context, the EPA took symbolic steps
to encourage green infrastructure as an approach to the CSO problem. In particular, the Mid-
Atlantic Region 3 EPA office had learned from the struggle to clean up Chesapeake Bay and
the LID experiments, where the remediation efforts mixed of all of the available tools and
"kind of opened up our regional office to the watershed approach" (Piotrowski 2010). The
individuals in Region 3 signaled their willingness to work with Philadelphia to find a new
approach, and this openness gave Philadelphia a tiny bit of breathing room to develop an
innovative solution.
The First Policy Window Opens
By 1994 the EPA was exploring ways to implement the CWA to more effectively address
runoff, which EPA Administrator Carol Browner described as "the biggest remaining barrier
we face in keeping the nation's water clean" (Hebert 1994). The new NPDES regulation
required the PWD, like every municipality with a combined sewer system, to maintain a Long
Term Control Plan (LTCP) as part of their NPDES permit. This regulatory requirement opened
a policy window for the PWD to reconsider how to address the problems of aging water
infrastructure, persistent CSOs, and mounting environmental consequences. In response, the
PWD retained the engineering consulting firm Camp Dresser & McKee (CDM) to operate a
project office inside the PWD to model watershed data in preparation for the plan (Lisk 1996).
The first LTCP, submitted by the PWD in 1997, proposed instituting "Nine Minimum
Controls," undertaking capital projects to improve system performance and reduce CSOs. It
also earmarked $4 million for watershed planning analysis and water quality (PWD 2009).
Looking back, Marc Cammarata, the PWD manager of watershed planning and engineering,
identifies the investment in watershed-based planning initiatives as the most important
product of the first LTCP: "We said, we'll give you $50 to $6o million worth of capital projects,
but give us some time to really determine where in the watersheds our issues are, and we'll
come up with a better way to address those concerns. So it was a million or two million dollar
commitment to watershed monitoring that really helped us get where we are today"
(Cammarata 2010). The watershed monitoring strategy brought the scope of the problem into
sharper focus, and the technical evidence supported the holistic watershed approach to
stormwater management.
The first LTCP was a key turning point for the PWD, and one that both produced the
internal change to enable future innovation and influenced how the PWD structured its ideas.
During the LTCP process, the PWD realized that they could remove CSOs from the city, but
water quality would still not meet CWA standards. The tough financial reality was that the
PWD could invest a lot of money into gray infrastructure and still not achieve sufficient
outcomes. The decision to adopt a watershed approach and to gather data about the full
hydrological system was a strategic outcome that positioned the PWD to seriously consider
green infrastructure.
Policy Entrepreneur Howard Neukrug and the Office of Watersheds
The LTCP outlined the need for watershed planning to address CSOs, stormwater,
and-intriguingly-the effects of upstream runoff, and established watershed monitoring in
areas that contributed to the source waters (including those outside of Philadelphia). This drive
to gather more data to support the decision making process was savvy-not only did improved
technical information bring the problem into sharper focus, but it also enabled the PWD to
build a technical case that could win over the more conservative engineers. The process of
developing the plan revealed the technical and knowledge gaps in the existing management
framework, and the PWD realized that they weren't yet prepared to craft a long-term solution
to match the new EPA regulations.
Howard Neukrug, then the PWD's Director of Planning and Technical Services, reviewed
the LTCP from the source water perspective and saw an opportunity to link source water
protection with CSOs. Through dedication, determination, and skillful leadership, Neukrug
became a key policy entrepreneur to bring the green infrastructure concept into reality in
Philadelphia.
A PWD veteran since 1978, Neukrug had trained as an engineer at the University of
Pennsylvania before emerging as a water resource leader in professional organizations, before
Congress, and in the expert community. A skillful policy negotiator with a soft-spoken,
disarming manner, Neukrug effectively helped bridge the gaps between engineering culture,
landscape architecture, city planners, and citizens to try to build a solution with multiple
benefits. Also, Neukrug lived in West Philadelphia, and could see the path of the underground
Mill Creek sewer line-which always overflows during rainstorms-from his porch.
As Neukrug turned 4o and reflected on his role at the PWD, he saw a niche that the utility
was not dealing with-how to reconcile pollution discharges with source water and drinking
water. With the permission of the Water Commissioner, Kumar Kishinchand, Neukrug spent
a year talking to City leaders, environmental organizations, politicians, and regulators looking
for alternative approaches (Neukrug 2010b). In 1998, he says,
"We brought in our fifty top managers, did a retreat for one day, and asked
them, what are they doing for the watershed? ...We tried to think about how do
[drinking water, wastewater, and stormwater] mesh, what do they have in
common, and how do you balance being a drinking water utility, concerned
about the drinking water supply, and at the same time be a wastewater utility
manager and acknowledge that you're discharging sewage into the rivers?"
(Neukrug 2oioa).
In the meeting, the discussion focused on the ability of the utility to integrate across the
Clean Water Act, Safe Drinking Water Act, and stormwater permit requirements, and how to
ease the interdepartmental divisions to take advantage of Philadelphia's combined utility. The
product from that meeting was a 20-page report recommending that the PWD create a
drinking water/source water protection program.
Despite disagreement from a handful of internal naysayers-water utilities are
notoriously conservative organizations-Kishinchand approved the idea to unite three
formerly separate departments, Combined Sewer Overflow, Stormwater Management, and
Source Water Protection, to improve organizational efficiency and address the core mission
(PWD 2009). In January 1999, the PWD appointed Neukrug Director of the new Office of
Watersheds, a 5-person unit of the Planning and Engineering division of the PWD.3 This
staffing reconfiguration created the conditions for the green infrastructure idea to incubate
and develop, redefining how the department conceived of the problem and how the Office of
Watersheds would develop the watershed planning approach.
The guiding philosophy of sustainable stormwater management set the Office of
Watersheds on a path toward crafting a holistic solution to the CSO problem. Neukrug was
less interested in figuring out how to manage the pollution than looking at strategies to
prevent it in the first place (Wroth 2009). Neukrug and his colleagues began thinking about
how to adopt a cost-effective watershed approach to fix the overflow problem. As Brian
Marengo, the former PWD Manager of Watershed Planning and Engineering recalled,
In the early formation of the Office of Watersheds we were really excited about
the whole thing. It's hard and there are hiccups, but I would characterize it ...
as people working really hard at something they thought was the right thing to
do, not because they had to, but because it was technically, socially, and
economically right. ...People were really focused and enjoying their jobs,
excited to take on more holistic mission, fixing source water quality, excited to
stretch a dollar further, to do it for more than one reason" (Marengo 2010).
By 2000, the Office of Watersheds was taking the lead on a new approach for the PWD. The
PWD began using Geographic Information Systems (GIS) to map all ten of its watersheds,
gathering information to initiate a targeted, long-term regional planning process (Stoll 2000).
Softening Up the idea of Green Stormwater Infrastructure
As the Office of Watersheds built capacity and gathered momentum, Philadelphia's
runoff problem grew dire. With the threat of EPA penalties becoming hard to ignore-the
existing system overflows with as little as one tenth of an inch of rain, and the CWA requires
3 Today, the Office of Watersheds has grown to 32 civil servants (more than sixty, including consultants),
and the three departments have slightly different titles to reflect the Office of Watersheds' more holistic
watershed vision: Watershed Engineering (including Permitting & Regulations, CSO/Stormwater
Modeling, & LID Engineering); Watershed Protection & Sciences (Watershed Sciences, Ecological
Restoration Unit, Source Water Protection, Environmental Compliance); and Watershed Planning
(Sustainable Stormwater Program, Watershed Planning and Partnerships, Green Implementation
Initiatives) (PWD 2o1ob).
the City to reduce the estimated 14 billion gallons of sewer overflows per year-Philadelphia
needed a strategy to address non-point source pollution (Bauers 2009). Because the City is
downstream from so many other communities, the Office of Watersheds looked upstream at
the regional watersheds and decided to test green infrastructure techniques to manage
stormwater.
The PWD's first green-infrastructure experiment was an outdoor classroom at Sulzberger
Middle School in West Philadelphia in 1999. Neukrug worked with the Philadelphia Housing
Authority and the EPA to modify a previous (failed) grant application for Mill Creek and
Sulzberger Milddle School, and built a prototype for how embedded green infrastructure could
capture stormwater. Soon after, the PWD tested another green infrastructure technique and
converted a neighboring basketball court to porous pavement. These two projects highlighted
the public benefits of green infrastructure and helped convince the PWD that the green
projects were technically, politically, and socially within reach (Marengo 2010).
In 2003, the PWD established another pilot project in a field behind a West Philadelphia
charter elementary school. This project used a gravel and pipe drainage system that absorbs
45,000 gallons of rainwater beneath a green field (Avril 200 3 b). The PWD proposed spending
$54 million to design and install similar systems, along with rain barrels, hydraulic gates, and
new trees, which the EPA commended as "good progress" towards reducing runoff (Avril
200 3b). Neukrug continued to build the case for a green-infrastructure approach in the press
to soften up the public: "We know we can build more BATs-big-ass tanks-and we can spend
a lot of money and disrupt a lot of city parks," Neukrug told writer Tom Arrandale, "But that
would take the mistakes made ioo years ago and add to them" (Arrandale 2003)-
Additionally, the watershed strategy prompted the Office of Watersheds to work closely
with stakeholders in and around Philadelphia, laying the groundwork for longer-term projects.
These relationships-with the Pennsylvania Environment Council, the Delaware River
Commission, PADEP, and the EPA-built capacity and created opportunities for organizations
to develop a new approach. Meanwhile, the Office of Watersheds kept up with the
straightforward capital projects for traditional treatment controls. Furthermore, the Office
placed a new emphasis on the importance of how they talked abut the problem: the early
meetings with local communities quickly illustrated that communication was key to bringing
the communities to trust the water department, and begin to "believe in them as a force for
good" (Cammarata 2010). As a result, the Office of Watersheds recruited Joanne Dahme as a
dynamic spokesperson to explain the new ideas and later retained the local design firm
Wallace Roberts Todd (WRT) to help visualize the emerging plans to show communities.
Soon, nearby universities caught on to the green infrastructure idea and, using the
university grounds as a test site for practical experiments, proceeded to try the green
stormwater infrastructure techniques that were emerging from the policy community.
Upstream from Philadelphia, Bryn Mawr installed several green stormwater interventions in
summer 2003 (Schogol 2003). At Villanova University (home of the Villanova Urban
Stormwater Partnership, founded in 2002), environmental engineering professor Robert
Traver and colleagues began conducting a series of green infrastructure experiments to
evaluate different designs (Avril 2004).
In 2003, the Washington-based nonprofit American Forests studied the tree cover in the
Philadelphia region, and not only estimated that the region lost 46 million trees in 15 years,
but also valued the lost stormwater management services at more than $ioo million (Avril
2003a). The new tactic of conceptualizing environmental outcomes as specific dollar amounts
introduced the idea of ecosystem services (in this case, the ability of strategic tree planning to
absorb or slow runoff as a less costly alternative to rebuilding or enlarging sewer systems).
Advocates readily embraced this economic tactic and used it to shape the political climate.
Though the Office of Watersheds' strategy benefited from the salience of the idea that
environmental services translate to tangible dollar values, they were cautious about what it
would take to craft a comprehensive solution. "Trees are not going to solve our problem, but
they are part of our toolbox," Howard Neukrug told the Inquirer. "People tend to like trees
more than sewers, if you give them a choice" (Avril 2oo3a).4
By the mid-2ooos, a series of political events raised the profile of green infrastructure
even higher. In 2004, The PADEP awarded a $200,000 grant to the Pennsylvania
Horticultural Society's "Philadelphia Green" program in summer 2004 to test stormwater
infiltration at a handful of vacant lots in a blighted section of North Philadelphia in
partnership with the PWD, the Streets Department, and the City's Neighborhood
Transformation Initiative (Clark 2004). "Innovative solutions like this make it a win-win with
beautification and storm-water management," Mike Groman, director of the Philadelphia
Green, told the Inquirer. "This idea would solve a lot of problems, involving safety, security,
storm-water management and open space" (Clark 2004). Stephen L. Johnson, head of the
EPA, praised the transformation of 3,ooo vacant properties into greened lots, saying "This is a
great example of low-tech but yet proven technology," and Jon Capacasa, Director of the EPA's
Region 3 Water Protection Division, said "Many cities take a more structural approach to
things, building tunnels and storage tanks and larger treatment systems. I think it's
tremendous that Philadelphia is investing in more preventative approaches" (Avril 2005).
Howard Neukrug estimated that the City would ultimately spend "hundreds of millions to
reduce sewage overflows-still far less than other aging urban areas," and would continue to
use a variety of innovative tools to keep expenditures low (Avril 2005).
4 One exception that came up in surveys of some neighborhoods-notably South Philadelphia-is that
not all residents like trees. Philadelphia's tree cover is ii percent, and some South Philly residents were
unenthused about the idea of planting trees in front of their homes: "trees are for the suburbs," some
told the Inquirer, and they "aggravate allergies," "make a big mess," and ruin sidewalks (Smith 2006).
But, according to the U.S. Forest Service, Philadelphia's 2.1 million trees offer a quantifiable
environmental service, storing 530,000 tons of carbon, and sequestering an additional 16.ioo tons per
year in new growth, all for a total value of around $io million (Bauers 2007b). Meanwhile, the
Philadelphia Parks Alliance estimated the parks' value-in terms of pollution control, stormwater,
property values, health, and tourism-to be $1.9 billion per year in services, income, and taxes to
Philadelphia (Shields 2008a).
Unusually wet weather added a sense of urgency to the stormwater crisis in 2006. During
a heavy rain storm in 2006, the Inquirer published an editorial lamenting the slow progress of
the Clean Water Act and noting that Philadelphia-area streams and creeks continue to be
plagued by industrial pollution, untreated sewage discharges, aging pipes, and risky policy that
dilutes funding (Anon 20o6). Four days later, the paper documented widespread flooding
throughout the region, during which every stream flooded and sewage systems overflowed
(Wood 2006). The frustration was enough to fuel an op-ed the following week arguing that
Philadelphia has "to learn how to cope with storm water," calling for regional awareness of the
hydrological cycle and urban pollution (Haigis 2006).
The sudden visibility of wet-weather problems from the storms smoothed the path for the
PWD to roll out new city-wide stormwater regulations requiring development and
redevelopment to retain the first inch of precipitation (PWD 20oc). This was a remarkable
political moment, when the culmination of skillful negotiation and fortuitous meteorology
aligned to move the stormwater regulations through the City Council, Mayor's office, PWD,
and, most importantly, the development community, who would bear the brunt of the cost and
added aggravation (Neukrug 2010b).
Media attention turned to the Office of Watersheds in 2006, as Neukrug's
vision-framing the stormwater problem less about CSOs than a green, sustainable
city-captured the imagination of the community and policy observers. "The green
revolutionaries of Philadelphia's Office of Watersheds are expounding a new philosophy of
sustainable water management-to adapt city parks, roadways, school sites, lawns and yards so
that they absorb and slowly filter out as much rainfall and stormwater as feasible," wrote
Washington columnist Neal Peirce (2006, i), "...the Philadelphians are aiming instead to
make their entire city into a kind of great green sponge, an urban ecosystem that can handle
its stormwaters and wastes far more naturally and, in the process, assure clean and reliable
water for fishing, swimming and drinking." The strategy of redefining the problem from a
sewage overflow problem to one of urban sustainability proved to be a brilliant tactic that
helped galvanize support.
Next, the City initiated GreenPlan Philadelphia in 2006, bringing city agencies, WRT, and
communities together to craft an open space plan, and further raising the salience of
sustainability and greening (City of Philadelphia 2010). Furthermore, as part of the Next Great
City initiative, the advocacy organization Citizens for Pennsylvania's Future (PennFuture)
conducted surveys of Philadelphia residents and businesses, which revealed the unpleasant
effects of stormwater runoff to be a surprisingly widespread problem for property owners
(Black 2007). Next Great City advocated ten actions and policies for the next mayor, including
addressing neighborhood blight and environmental problems. What's more, Christine Knapp,
PennFuture's Director of Outreach, managed to get 2oo environmental organizations to sign
on to the recommendations and made greening a significant issue in the mayoral primary
(Bauers 2007a; Neukrug 2010b).
Sustainability Becomes Official City Policy
By the 2007 mayoral race, politicians seized on sustainability and made what Inquirer
columnist Chris Satullo (2007) dubbed the "Green Agenda" a centerpiece of their competition
to win the Democratic primary. 5 "Whether they understood them or not, candidates dutifully
signed on to timely and ambitious proposals generated by groups such as PennFuture
(www.nextgreatcity.org), the Pennsylvania Horticultural Society (Green City Strategy), and the
Philadelphia Parks Alliance (www.philaparks.org)," wrote Satullo (2007, A15). "And the guy
who ended up winning the Democratic primary, Michael Nutter, was the one who showed the
best grasp of environmental concerns." The community advocacy groups highlighted local
issues such as recycling, sewage backups, and dirty streets, and turned green issues and
environmental investments that pay back over time into a central theme for the election. The
green agenda is "forward-looking" and "savvy," Satullo (2007, A15) observed, but complex to
implement: "If it were that easy, it already would have happened. No question, the green
agenda for Philadelphia has unprecedented clarity and momentum. But most of this stuff
costs money, challenges embedded habits, or annoys entrenched interests."
Nutter's initial moves as Mayor capitalized on the green momentum, to the benefit of the
Office of Watersheds. He appointed a Director of Sustainability, Mark Alan Hughes, to run a
new office dedicated to thinking about sustainability strategies to support Philadelphia. Then,
in 2009, the City inaugurated a new plan, "Greenworks Philadelphia," to identify goals for the
City to achieve by 2015 as part of a plan to "make Philadelphia the No. i Green City in the
nation" (Gelbart 2009, Bo1). The Greenworks Philadelphia plan drew on ideas that had been
cultivated in the policy community for years, and set specific sustainability goals, including a
target for managing stormwater to meet federal standards:
Managing stormwater is a basic government function. ... Greenworks
Philadelphia recommends that the natural links between land and water be
reconnected and that green infrastructure-trees, vegetation and soil-become
the City's preferred stormwater management system. If the U.S.
Environmental Protection Agency revises its applicable regulations, 3,200
acres of green space and pervious surfaces will be created in Philadelphia by
2015 to meet the City's stormwater needs. Philadelphia can manage its
stormwater while creating healthier neighborhoods by planting thousands of
new street trees; increasing the amount of green and open space; using
pervious pavement on parking lots and playgrounds; building green roofs; and
distributing rainwater-collection barrels to home owners. (City of Philadelphia
2009, 6)
"We've put out a plan that is aggressive, achievable and measurable," Nutter pronounced,
"The green economy is a pathway to the future. We [Philadelphia] were known for innovation
many years ago and now we are reinventing ourselves" (Gelbart 2009, Boi). The plan aligned
5 Philadelphia has had a Democratic mayor since 1952, so the race is effectively won in the primary.
with some of the goals of President Obama's stimulus plan, spurring hope that the City could
get some of those grants. Vice President Biden held a hearing on the "green economy" at the
University of Pennsylvania and Van Jones, advisor to the White House, introduced Mayor
Nutter at the official unveiling of the Greenworks Philadelphia plan. The Inquirer cautiously
commended these early "grand plans," and surmised "the mayor's overall green initiative may
benefit from a confluence of factors" (Anon. 2009, Ao6). Meanwhile, the City was also
working on GreenPlan Philadelphia, the first comprehensive plan for sustainable open space,
parks, and recreation areas in Philadelphia (City of Philadelphia 2010).
A week after Nutter won the election in November 2007, the PWD held the first Green
City, Clean Waters Advisory Committee meeting to begin to craft the next NPDES Long Term
Control Plan Update, this time focusing on a watershed management approach to control
CSOs (PWD 2009). Clean water and sewer infrastructure continued to be prominent public
and political issues: the following fall, Pennsylvanians voted on a referendum on $400 million
in grants for water and sewer infrastructure (Bauers 2008). The Inquirer urged voters to invest
in the state's future, because "taken as a whole, these so-called green investments should
redound to the state's economic benefit," (Anon. 2008, A12) and the measure passed with
almost 62 percent of the vote. "This is about making sure our streams and rivers are not
polluted with raw sewage, about making sure the tap water we rely on is safe," John Hanger,
acting secretary of the state PADEP told the Inquirer. "Unfortunately, right now we have too
much raw sewage going into rivers," he said. "In some cases, and I'm only slightly
exaggerating, the pipes leak more water than they carry" (Bauers 2oo8, Aoi). In Philadelphia,
where 18o overflow points shunt stormwater and sewage into the rivers when the system fills
during a storm, the scale of the repairs is enormous: "It would take something the size of
Citizens Bank Park," said Neukrug, explaining that the Office of Watersheds was looking at
how to incorporate green technologies, such as porous pavement and rain gardens as
alternatives. "In the end, it's still going to cost a lot of money, billions of dollars" (Bauers
2008, Ao).
The Plan: the 2009 Combined Sewer Overflow Long Term Control Plan Update
(or, Green City, Clean Waters)
After a decade of technical work and tireless promotion by Neukrug and the Office of
Watersheds to soften up the public and policymakers, the PWD was positioned to propose an
alternative plan. The political climate helped create a serendipitous atmosphere for the Office
of Watershed's ideas, aligning with the sewage overflow problem, a green solution, and the
arrival of a policy window. After a decade of "creating, testing and implementing new
integrated strategies which promote the economic and social growth of the City while meeting
the environmental, ecological and business missions of the utility," the PWD initiated the
Long Term Control Plan Update process with PADEP in August 2008 (PWD 2009, 1-33).
The Office of Watersheds spent twelve years to develop and write the LTCPU. The
product, submitted to the PADEP and EPA on September I, 2009, was a 3,369 page plan to
reshape Philadelphia's stormwater system. The LTCPU embodied all of the formative work of
the previous decade, and built an innovative proposal in what one might have expected to be a
standard, unimaginative regulatory document. Because the plan explicitly proposed to "protect
and enhance our region's waterways by managing stormwater runoff in a way that
significantly reduces our reliance on construction of additional underground infrastructure," it
communicated the vision as a tale of virtuous green triumphing over expensive and ineffective
gray (PWD 20od). The plan proposed to use landscape-based systems to reduce the volume of
water entering the sewer system, focusing on techniques to maximize infiltration and
evapotranspiration. It did not ignore the existing gray; it also proposed wet weather treatment
plant improvements that would bring the capacity of the secondary treatment plant into
balance with the existing primary treatment capacity. But otherwise, the plan focused solely on
the green landscape-based approach. "It's a whole change in how Philadelphia looks at its
water system," Neukrug told Plan Philly (Patrick 2007), "It's very much a 21st Century green
approach, versus a 20th Century infrastructure-based approach."
The plan ruled out the possibility of installing separate storm sewers, which is cost
prohibitive for older cities and would have required digging up streets at astronomical expense
and disruption. The second option was to expand the capacity of the existing pipe and
treatment system, either expanding the City's three sewage treatment plants or building
underground tanks to store the excess stormwater and sewage until the plant has regained
capacity. The PWD favored the third option, which mixed the systematic replacement of paved
areas with porous pavements, rain gardens, and planted curb extensions along with the small
expansion of the treatment plants, a re-tooled assessment of stormwater fees based on
impervious area, and improved cooperation between city departments (Bauers 2009). The
plan clearly stated the intention to both improve water resources and revitalize Philadelphia:
"Commitments made in this plan will lay the foundation for a sustainable Philadelphia by
greening our neighborhoods, restoring our waterfronts, improving our outdoor recreation
spaces, and enhancing our quality of life" (PWD 2009, 1-33)
The main elements of the LTCPU's long term vision for Philadelphia focus on what the
PWD calls a "land-water-infrastructure" approach (PWD 2009). The PWD's plan focused on
eight elements:
i. Large-scale implementation of green stormwater infrastructure to
manage runoff at the source on public land and reduce demands on
sewer infrastructure
2. Requirements and incentives for green stormwater infrastructure to
manage runoff at the source on private land and reduce demands on
sewer infrastructure
3. A large-scale street tree program to improve appearance and manage
stormwater at the source on City streets
4. Increased access to and improved recreational opportunities along
green and attractive stream corridors and waterfronts
5. Preserved open space utilized to manage stormwater at the source
6. Converted vacant and abandoned lands to open space and responsible
redevelopment
7. Restored streams with physical habitat enhancements that support
healthy aquatic communities
8. Additional infrastructure-based controls when necessary to meet
appropriate water quality standards (PWD 2009, 1-2)
After many cities had experimented with individual green infrastructure projects on a
demonstration scale, Philadelphia broke new ground by proposing to make green techniques
the foundation of their CSO strategy. Furthermore, the plan discussed using a variety of green
infrastructure programs across the City to generate broad environmental outcomes for
stormwater, urban heat island effect, and air pollution. Regulators and advocates were
outwardly impressed: "This is the most significant use of green infrastructure I've seen in the
country, the largest scale I've seen," said Jon Capacasa, Regional Director of Water Protection
for the EPA Region 3, "We commend Philadelphia for breaking the ice"; the executive director
of the National Association of Clean Water Agencies (NACWA), Ken Kirk, called the plan "very
compelling," and said that it was the way they "need to go" (Bauers 2009, Aoi). The public
was enthusiastic, too, and initial outreach like the PWD's Model Neighborhoods initiative
generated 750 signatures from residents petitioning for their street to be converted to a model
green streets block, far beyond PWD's projected capacity to build them (PWD 2009). Then, on
December 3, Congressman Donna Edwards (D-MD) introduced H.R. 4202: Green
Infrastructure for Clean Water Act of 2009 to provide funding for stormwater infrastructure;
as of May 2010 the bill is under review in the Subcommittee on Energy and Environment
(OpenCongress 2009).
The plan and subsequent media coverage pitted the green solution against the gray
alternative, and the comparison made the notion of building a 35-foot diameter tunnel i5o feet
beneath the Delaware to expand the system seem impractical if not outrageous. The Inquirer
cited experts calling the green plan "the nation's most ambitious," and the online media played
with the notion of a city as a giant sponge. Visualizing Philadelphia with urban avenues
carpeted with trees, rain gardens, porous placements, and green roofs to sponge up rainwater,
the PWD turned away from the typical gray approach: "Instead of figuring out how to manage
this pollution, maybe we should be looking at how to prevent it in the first place," Neukrug
told the Inquirer, "Let's break down some of the barriers against nature and deal with rainwater
where it lands" (Bauers 2009, Aor).
The plan falls short on some important regulatory metrics, however: the EPA requires an
85 percent decrease in overflows, while the conservatively estimated PWD plan achieved only
8o percent. The plan also called for a water rate increase that exceeded the allowable
percentage permitted by the EPA, which calls fairness into question. The EPA requested a
series of revisions and more detail about the proposed interventions, and as of May 2010 the
revision process is underway.
Meanwhile, the PWD announced re-calculated stormwater fees for commercial business
in spring 2010. The new fees adopt a billing structure that estimates and charges for the
quantity of runoff produced by a site-thereby gaining an increase in fees from parking lots,
which previously were under-counted, and decreasing charges for those with pervious land
surface (Bauers 2010). The program is designed to induce change on private property, offering
customers the opportunity to pay lower fees if they reduce runoff from their property. The
regulation created definite winners and losers, and some payers' rates increase by significant
amounts. The PWD worried that the political backlash would kill the rate proposal, but the
political climate was receptive enough that the proposal went forward with minimal political
damage. Currently, customers are receiving practice bills, and the new rates go live in July,
2010.
CONCLUSION
Findings
The Philadelphia case illustrates how external regulation and financing, a lengthy period
of softening up the idea, an effective policy entrepreneur, and two policy windows enabled a
city to adopt an innovative policy. The Office of Watersheds' efforts first yielded a new policy
framework for urban water management, and, a decade later, a plan that has the potential to
produce significant environmental outcomes. The groundbreaking 2009 LTCPU proposes the
green-infrastructure concept at a citywide scale and seeks to build a cooperative management
system among City agencies.
First, the federal regulatory context and the Clean Water Act had an enormous impact on
municipal water management, both forcing improvements in water quality and delivering
large quantities of money for gray infrastructure improvements. When that financing
changed, the removal of free money prompted the water industry to find affordable solutions
and changed how a cohort in the PWD looked at the value of water.
The first policy window, the 1997 LTCP, catalyzed thinking about how the utility could
address the CSO problem and prompted the realization that the current institutional
framework was too piecemeal, expensive, and ineffective. The decision to set aside funds for
watershed planning, first stated in that 1997 LTCP, articulated the need for better watershed
data and opened the door for the conceptual shift.
Dedicated people matter in local politics. In countless interviews, Howard Neukrug
emerged as the policy entrepreneur who tirelessly advocated for the watershed approach. He
invested his time, energy, reputation, and resources to broker the softening up process in the
expert community. Neukrug provided the impetus to create the Office of Watersheds, where
the small team cultivated and refined ideas, and gradually changed the conservative water
utility. The PWD faced a blend of both incentives and constraints, but Neukrug's years and
dedication skillfully guided the dialogue towards a solution that provided multiple benefits,
and championed green over gray. Green stormwater infrastructure provided a new set of
engineering tools, and the creative engineers and planners in the Office of Watersheds
embraced the new ideas with determination and persistence.
The softening up process took years. Neukrug and the Office of Watersheds successfully
framed their ideas to win over the policy community, stakeholders, and politicians. Their
dedication to get the word out for over a decade gradually moved the green infrastructure idea
towards the tipping point. Neukrug was savvy to partner with experts and designers to reframe
the environmental problem-the icky phenomenon of combined sewer overflows-into a
bigger vision for a green city. The community partnerships formed in the process will go a
long way to both enable implementation of the new plan and change the image of the PWD
from an agent of sewer construction to a leader of environmental change.
The watershed approach made the problem more palatable and salient in the optimistic
political climate of the late 200os: as Philadelphia launched one green effort after another, the
Mayor followed through on his campaign promise to create an Office of Sustainability, and the
vision of a green city captured the City's imagination. As the political enthusiasm gathered
momentum, Philadelphia reached the tipping point, just as the policy window-the 2009
LTCPU deadline-was opening. The years of preparation paid off, and Neukrug linked the
problem, solution, and politics, and steered the Office of Watersheds to settle the final
contents of the proposal with a primary focus on green infrastructure. The years of careful
positioning finally positioned green to win out over gray.
Skeptics question whether the Green City, Clean Waters plan will come to fruition or be
felled by administrative challenges. The naysayers, commented one informant, are everyone
who has been doing everything the old way and don't think the risk of trying something new is
worthwhile. Part of the issue is the emphasis assigned to the immediate problem: the
regulatory agencies and the City of Philadelphia are mandated to mitigate the effects of CSO
events on waterways. Facing a billion dollar investment, critics question whether the new
approach is too risky. In response, proponents argue that even the best, most expensive gray
infrastructure systems-built to be as large as the community can afford-are still predicted to
overflow a few times a year, and thus continue to violate water quality standards. Furthermore,
the benefits of the green approach go beyond compliance: not only will green infrastructure
mitigate CSOs, the city will get new aboveground amenities and long-term environmental
protection.
The CSO issue can stand in for many other environmental problems, and these lessons
extend to environmental policy making in other cities-many of which are waiting to see how
the Philadelphia plan proceeds. In particular, the Philadelphia case illustrates how policy
entrepreneurs' commitment over the long term can have a big impact. Politicians come and
go, but dedicated people can champion good ideas through the policy gauntlet. Cities can learn
from this case to find, hire, and retain people who are committed and engaged to make
change.
Recommendations
Despite the strong trajectory of watershed planning, Philadelphia faces many challenges
to implement their vision. The EPA and PADEP will likely require considerable revisions to
the plan, but will probably not change the green watershed perspective. After the city gets
approval, the challenge will be to execute the plan quickly.
The plan's main shortcoming was the vagueness about where and how the physical
interventions would be installed. One of the significant questions is how the PWD will install
green interventions in those areas of the city that contribute the most runoff to CSOs (such as
Center City), without much space for green interventions in the public right of way. Similarly,
because much of Philadelphia is built on fill soils, there are uncertain risks of settling and
subsidence that could impact structures. These are design and engineering issues that PWD
has the technical expertise and resources to solve, and are critical to address lingering
uncertainty. The PWD can again find support from the policy community, notably green
infrastructure leaders like Portland and Seattle, as well as academic sources from landscape
architecture and urban planning departments.
The PWD should choose prime sites for the initial projects. It is critical that the first
projects be impressive, aesthetically stunning, and carefully maintained in order to establish a
strong precedent. Success here depends on two factors: technical implementation and
politically savvy planning. The PWD should identify sites in supportive neighborhoods in
order to maximize the initial impact and ensure health and maintenance over the long term.
The initial projects will set the stage for future actions and have the potential to establish
relationships with community stakeholders who can take responsibility for some maintenance
and spearhead neighborhood education.
In addition to selecting sites in neighborhoods that are excited to host the initial projects,
the PWD needs an adaptive management plan to adjust the implementation process as
obstacles and uncertainty introduce unforeseen challenges. This applies on the technical side,
in terms of executing projects and collecting and responding to monitoring data, but also
applies to ongoing maintenance.
A big part of the challenge Philadelphia faces is how to scale up quickly, from the
planning, design, construction phases, to hiring more planning inspectors and adding more
city contractors, and ultimately maintaining the green infrastructure for the long term.
Operations and maintenance will be a continuing challenge as the City decides how to
recombine responsibilities and train employees. The Office of Watersheds is recommending
that the PWD or the City establish a new Green Infrastructure Maintenance group in order to
train and manage a special corps to take on the new job. Furthermore, the City could identify
motivated people in the green streets neighborhoods to serve as citizen monitors/stewards
who care for local projects and build community capacity.
The biggest challenge is to reinvent how to manage the City in order to make the plan
work. Currently, the different departments divide responsibility for the streets by geometry:
the PWD manages the water underground, the Streets Department moves water to the corner
inlet as quickly as possible, the Fairmount Park Commission maintains the street trees, and
property owners maintain their section of sidewalk (et cetera). The PWD faces a significant
challenge to redistribute responsibilities among a long list of city departments, including the
Streets Department, Mayor's Office of Sustainability, Fairmount Park, Recreation Department,
Planning Commission, Office of Housing and Community Development, Housing Authority,
School District, Parking Authority, Redevelopment Authority, Licenses and Inspections,
Zoning Commission, Commerce Department, Philadelphia Industrial Development
Corporation, and the Health Department. Each of these departments has separate cultural
norms, technical skills, and budgets; in order to overcome the resistance to change, the City
needs to improve organizational efficiency, communication, and cooperation. A smooth
transition on the staffing side is essential to manage the inevitable challenges that will arise
with implementation.
Currently, the Philadelphia Planning Commission is re-writing the city's zoning code,
which, along with many grandfathered regulations and outdated assumptions-such as the
resistance to sidewalk bump-outs-can be resolved through improved communication. The
Mayor's office or Office of Sustainability could take the lead to flush out such redundancies,
operational silos, and unasked questions. City leaders and department managers need an
improved communication system to streamline city operations and information sharing.
The next most immediate challenge is money. PennVest provided an initial $30 million
loan to Philadelphia, but that first investment is just the tip of the iceberg for the capital
projects. Despite the widespread support and enthusiasm for accomplishing citywide goals
with water department initiatives, the plan will take much longer to enact without the finances
to jumpstart the construction process. The delay could cause loss of momentum. The green
infrastructure approach is relatively inexpensive and fast to construct, but Philadelphia will
need to generate a steady revenue stream to initiate and maintain the projects.
In order to fund the green street projects in the public right of way, the PWD will need to
not only cooperate with other city departments but also to leverage resources for projects.
Changing the urban form of the streets only makes sense when other departments coordinate
and rebuild everything on the corner-including the stormwater inlet, curb bump outs,
sidewalk swales, new pavement, and aboveground landscaping-and the process will evolve
along with the new designs. Transportation and roadways are typically well funded, so the City
could adapt the retrofit process to include greening, stormwater management, and water
sensitive design principles. Furthermore, the City might strengthen the existing stormwater
regulations and design guidelines to require any construction over 3,000 or 5,ooo square feet
(down from the current 15,000 ft2 requirement) to mitigate the stormwater from that site. This
would reduce the volume of runoff into the system and reduce other capacity and maintenance
costs.
Federal funding is a distant possibility. In December 2009, a bipartisan team introduced
HR 4202, the Green Infrastructure for Clean Water Act of 2009 to the House, proposing to
disburse grants for infrastructure projects and establish centers of excellence for green
infrastructure (OpenCongress 2009). The bill is currently languishing in Committee, but has
the support of 26 House co-sponsors, the NRDC, American Rivers, the ASLA, and others. The
federal government could make a symbolic investment to catalyze green infrastructure
investment through grants, similar to how the Construction Grants Program galvanized
wastewater improvements after the passage of the Clean Water Act. However, cities cannot
rely on federal funds and need to establish funding streams to support holistic water
management solutions. Large-scale grant funding for green infrastructure without the long-
term watershed framework risks short-circuiting the process akin to the continued gray
infrastructure investment in the 1970s and 1980s. The first two steps for cities nationwide,
which Philadelphia has already adopted, are (i) to establish stormwater fees for construction,
in order to create an incentive for developers to minimize the quantity of impervious area; and
(2) to reallocate how stormwater fees are collected, charging fees based on the amount of
impervious area per lot instead of the total area.
On the national scale, Neukrug continues to champion green stormwater infrastructure
approaches in political and professional forums. At a March 2009 House hearing, he argued
for a more progressive CSO policy to open up more opportunities for innovative alternatives.
"If allowed, the efforts of NACWA, Philadelphia, and other cities to promote innovative
solutions and take a more holistic view of water resource management will result in
significantly greater environmental benefits than the current approaches. As currently
enforced, however, cities with CSO control programs are faced with three unsatisfactory
choices:
i. Adding some green infrastructure to a full program of gray
infrastructure resulting in costs far above the affordability limit;
2. Abandoning the green approach to meet current regulations, thus
losing significant environmental and social benefits to meet the
overflow targets;
3. Going with the green approach with the risk that the regulator
communities will not accept your green, sustainable approach to water
management based on their interpretation of what is an acceptable
CWA CSO Control Program" (Neukrug 2009, 11).
Philadelphia is the first community to argue to use green infrastructure to manage CSOs,
and regulators now face the opportunity to accept, amend, or reject an innovative approach to
achieving water quality compliance. For other cities, the fail-safe solution is still to emphasize
the gray infrastructure, and eyes are on Philadelphia to await the final version of the Green
City, Clean Waters plan, and to learn from the pitfalls of the upcoming the implementation
phase. Central to the plan is the promise that the green infrastructure approach will deliver a
new and improved city, reshaping streetscapes and greening the city. Now, the city
departments have to come together to ensure that they don't undermine the plan via inaction,
inefficiencies, or poor communication; technical problems, financing, and the unpredictability
of politics will provide enough challenges as it is.
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